Recent research suggests that using orthogonal arrays in full-profile conjoint may fail to provide adequate internal validity when the validation set consists of Pareto optimal profiles or when prices covary with the rest of the profiles' attribute levels. This study's findings indicate that partworths calibrated in the wrong environment predict a holdout sample as well as those calibrated in the correct (validation) environment do. This study deals primarily with the question of how well orthogonal arrays with independently varying price levels predict holdout profiles in which price covaries with the rest of the profile and all nonprice attributes are Pareto optimal (i.e., no profile is dominated by another with respect to attribute-by-attribute partworths).
to compensatory models (such as those used in conjoint analysis and logit/probit choice modeling). They show, via computer simulation, that a compensatory model calibrated in an orthogonal environment is not a good predictor of the true compensatory model as parameterized in a Pareto optimal environment.
On the face of it, the Pareto optimal and correlated price issues would seem to pose serious threats to the predictive validity of orthogonal main effects plans with independently varying price. The main objective of this study is to assess how serious these issues are to internal predictive validity.2
PREVIOUS RESEARCH
Johnson et al.'s (1986) research is particularly germane to the problems addressed in this article. Their research suggests the plausible argument that a model should be calibrated on stimuli similar to those that would be encountered in the real world. One would think that real-world options would already be Pareto optimal and would also reflect covarying price, i.e., high quality products would simply cost more.
However, Pareto optimality across nonprice attributes and covarying price make the profiles increasingly difficult to judge; the range in utilities across options becomes much more narrow. The resulting preference judgments may be more prone to error. Huber and Hansen (1986) explored this issue in the context of Sawtooth's Adaptive Conjoint Analysis package (which is based on graded paired comparisons). They found that the predictive accuracy of profile pairs that were balanced to exhibit small differences in utility actually produced higher internal validity (even though the choices were more difficult to make).
Huber and Hansen chose a validation set that consisted of close pairs with respect to utility.3 Two concluding points of Huber and Hansen's study are of particular interest (1986, p. 163):
(1) Thus, having trouble in deciding between alternatives appears to lead to greater richness in response and greater correspondence with subsequent choice, rather than the reverse.
(2) It is reasonable to expect that more complex holdout choices would be best predicted by conjoint tasks that elicit analogously complex processing.
If replicated in other contexts, their findings (and those of Johnson et al. 1986 ) would suggest two practical implications for full profile conjoint: where possible, orthogonal arrays should be modified so that the profiles are Pareto optimal with respect to nonprice attributes, and price should covary with the quality of the rest of the profile.
DESIGN OF THE STUDY
The stimulus context for the study consisted of descriptions of privately offered, unfurnished, student apartments located near a large, Eastern university. Subjects for the experiment were undergraduate and graduate business students, most of whom were either already living in a student apartment or were contemplating renting one during the next school year.
Stimulus Design
The Exhibit shows the attributes and levels used in the basic conjoint design. An orthogonal main effects 2Even more importantly, of course, is how serious each of the conditions is for external validity. This article deals with internal validity on the assumption that if orthogonally designed calibration models fail here, one might expect even poorer performance in predicting marketplace behavior. 3It should also be noted that in Huber and Hansen's study some stimulus pairs were manipulated to share some of the same attribute levels, making such paired comparisons easier to evaluate (i.e., some of the pairs were similar perceptually and similar in utility). plan of 32 profiles was first constructed from the attribute levels; in keeping with conventional conjoint studies, rental price was treated as an independently varying attribute. This array will be called the base case array. The six nonprice attributes and levels (walking time to classes, noise level, safety, cleanliness of building, condition of apartment, size of living/dining area) were developed from a preliminary questioning of students regarding their judgments about important attributes in student apartments. Another consideration in the design was that the ordering of all levels be monotonic (with utility) in each attribute:. Student apartment descriptions have served successfully as stimuli in other experiments (e.g., Huber and Hansen 1986; Johnson and Meyer 1984) .
In real situations, apartment rental price would be expected to covary with enhancements in each of the nonprice attributes. Information was obtained on associations between features and price from city newspaper and school newspaper classified advertising; in addition, a convenience sample of students was informally questioned on "willingness to pay" for various enhancements to the base levels of each attribute. From these (somewhat ad hoc) sources of information, a cost for each enhancement was computed for each attribute so that the sum of the costs (plus a base rental price level) covered the known range of apartment prices. In this manner, a second array, called the covarying price array, was constructed from the initial array. Each profile was the same as that in the original array except that total apartment rental price covaried with the attractiveness of the nonprice levels. (In keeping with real-world situations, information was not provided on how the total rental price was computed or what the separate attribute-level contributions were.)
The third array, the covarying price/Pareto array, was constructed from the original base case design in two stages. First, the orthogonal design contained 11 dominated profiles in the subset of six nonprice attributes; these dominated profiles were replaced by nondominated profiles, so that the full set of 32 profiles was Pareto optimal with respect to the nonprice attributes. Following this, a rental price was attached to each profile, employing the same assignment procedure used in the covarying price array.
Next, a set of 16 new profiles, called the validation array, was constructed to respect the covarying price/ Pareto condition. None of these profiles was the same as any of the profiles used in the three experimental conditions (base case, covarying price, or covarying price/Pareto).
Data Collection
The subjects for the experiment consisted of 120 undergraduate-and graduate business students, assigned randomly to each of the three experimental conditions (with 40 subjects assigned to each). All data were collected by self-administered questionnaire. On average, the interview required about 35 minutes of class time to complete. All subjects who completed the interview were eligible to participate in a lottery involving cash prizes totaling $150. Subjects provided evaluated data in two phases.
In Phase I, subjects received 32 full-profile stimulus descriptions drawn from the experimental condition to which they were assigned randomly. Respondents rated each of the 32 calibration profiles on a 0-100 point likelihood-of-consideration scale, assuming that they would be in the market for an apartment during the next semester.
In Phase II, subjects received four sets of four new apartment profiles drawn from the common validation array. Each of the options in each set of four was Pareto optimal with a rental price that covaried with the rest of the profile. Each subject was asked to rank 
RESULTS

Phase I Data Fitting
The Phase I full-profile evaluations of each subject for the 32 conjoint profiles were analyzed by respondent for each of the 120 subjects, using main-effects, dummy-variable regression. As noted earlier, the co- Not surprisingly, we found that the average coefficient of variation in the dependent variable was significantly higher under the base case condition (p < 0.01), suggesting that subjects were using a greater range on the 0-100 likelihood rating scale.5
Phase II Validation
As described earlier, in Phase II each respondent received the same set of 16 validation profiles, constructed to respect the covarying price/Pareto condition. Each respondent saw four sets of four profiles each; options were ranked within set and then individually rated on a 0-100 likelihood-of-consideration scale. Four internal validation measures were selected: the product moment correlation, the RMSE measure, the Spearman rank correlation, and the number of first-choice hits. The Table summarizes  the results.6 As noted in the Table, we found no significant differences across experimental conditions for each of the four internal validation measures. Apparently, the base case approach predicts holdout samples as well as the approach in which price covaries and the nonprice attributes are all Pareto optimal.
The RMSE measure provides a good index of error remaining in the dependent variable after the predictions. The RMSEs are about the same across all three experimental conditions. Although the sample product moment correlations and Spearman rank correlations are higher for the base case condition, this finding is not statistically significant.
DISCUSSION
In contrast to the findings of Huber and Hansen (1986), the results of this study provide no empirical 
Implications for Pareto Optimality Designs
What are the implications of this experiment for modifying traditional orthogonal designs to incorporate Pareto optimality? On the one hand, the present experiment suggests that Pareto optimal designs do not lead to significantly better predictions of holdout profiles whose nonprice attributes are Pareto optimal. On the other hand, we have found elsewhere that in relatively large orthogonal designs, finding arrays that are both orthogonal and Pareto optimal is not too difficult. In general, as the number of attributes and levels within attributes increase, it becomes easier to convert an orthogonal array into one that is orthogonal and Pareto optimal.
We suggest that Pareto optimality is a rather weak property that often can be achieved in applications of practical interest without sacrificing orthogonality. 'A three level, one factor ANOVA was also carried out in which the response variable was the RMSE (root-mean-squared error) for each subject. The results of this ANOVA showed no significant differences in average RMSE across conditions (p > 0.05), supporting the conjecture that the ANOVA results reflect higher dependent variable variance in the base case condition.
6Although not shown here, the response data of Phase II were also tested for response block effect (i.e., to see if average rankings differed across the four blocks). No significant block effects were found at the 0.05 alpha level. computer search heuristics can produce designs that are orthogonal and Pareto optimal, we think it is a good idea to seek designs that fulfill this objective. Unlike the varying price condition, Pareto optimality need not lead to designs where the alternatives are highly negatively correlated. (However, see Wiley 1977 for a method of constructing Pareto optimal designs that does tend to produce negative correlations among the attributes.)
Implications for Embedding Price in the Conjoint Profile
The varying price condition appears to raise more serious research questions. First, allowing price to covary with the rest of the profile effectively embeds price in the partworths of the nonprice attributes. Perfect multicollinearity results if price is functionally related to the rest of the profile; price-level parameters are not estimated separately.
In some applied problems, the researcher may wish to add an orthogonal component to the embedded price to examine the utility ascribed to departures from base levels (see Goldberg et al. 1984 , p. Si 13). Overall price would still be correlated, but not perfectly so. However, we have found that, in many cases, subjects' evaluations are not sensitive to the orthogonally designed deviations around the base levels that are, themselves, varying over a much wider range.
Of further interest is the fact that covarying price may take two forms. In the present example, the respondent received no information regarding how each enhancement of the nonprice attributes contributed to increased price. Unfortunately, many real pricing situations are such that the consumer does not know how each component of the product influences price. In other applications, the seller may offer a product that does provide information on each component's contribution to the overall price. Examples include personal computers for which buyers see the components (e.g., color monitor, printer, expansion slots, hard disk capacity) separately priced but may purchase the computer "package" at a discount from the sum of the component prices.
CONCLUDING CAVEATS
In contrast to the previous research by Johnson et al. (1986) and Huber and Hansen (1986) , the present study does not find response differences between orthogonal and covarying price/Pareto designed stimuli.7 Clearly, additional experiments are needed to gain information about the conditions that do produce higher validation for covarying price/Pareto conditions or, in general, for stimulus profiles that are closer in utility (and, hence, more difficult to evaluate).
As Huber (1987) has suggested, the use of orthogonal designs may provide a high degree of robustness over various task simplifications (e.g., ignoring levels and/or entire attributes) that subjects may employ in coping with the job of profile evaluation. In particular, orthogonal designs could guard against possible sources of misspecification error that may occur when various simplifying decision strategies are employed.
The research reported here should be considered as preliminary. Several caveats underlie the present study's findings.
1. Three samples of only 40 subjects each were tested. Given the type of cross-subject design employed here, future studies would benefit not only from larger samples, but also from extensions to nonstudent populations as well.
2. As noted, the predictions in this study were considerably below those typically found in other conjoint studies. The respondent tasks were extensive (entailing 32 calibration profiles and 16 validation profiles). Simpler tasks could be designed for future investigations. Meanwhile, the achievement of Pareto optimality and orthogonality often is possible in larger experimental designs (e.g., designs with nine to 10 attributes, with each attribute having three to four levels). The question of covarying price is a more complex issue, particularly when the respondent is not told how overall price relates to the nonprice attributes that make up the rest of the profile. It is not clear from the empirical evidence assembled to date that covarying price invariably leads to higher internal validity 8As one reviewer pointed out, orthogonal designs (including price) allow the researcher to make predictions for the full Cartesian product set of profiles, but the embedded price condition restricts predictions to the Cartesian product set of profiles composed of the nonprice attributes only.
